Introduction
The stationary behaviour of semiconductor devices is governed by a set of nonlinear elliptic partial differential equations. This includes a nonlinear Poisson equation and two nonlinear continuity equations. Using Gummel's method [2] we can decouple the nonlinear elliptic system so that at each step we solve an equation of the form ?r (a(x)ru) + G(x; u) = F(x) in In the following we consider only the case m = 3 and we take G(x; u) = 0, which corresponds to the two continuity equations.
The Mixed Finite Element Formulation
Introducing a new variable f = aru, we get a first order system of PDE's in the variables [u,f] . We consider only homogeneous Dirichlet boundary conditions. For the inhomogeneous case we can subtract a special function satisfying the Dirichlet boundary condition and change the problem into a homogeneous one. The corresponding variational problem is To construct L h , we use van Welij's hexahedral element [8] . The corresponding basis functions q i have the following properties for all i and j :
Problem (P):
1. q i e j j e j = ij 2. q i e j is continuous across interelement boundaries.
supp(q i ) = (e i )
where e i is the unit vector along the edge e i and (e i ) = S j fH j : e i is an edge of H j g. We choose L h = spanfq i g M 1 , where M denotes the number of edges in the interior of .
The Generalised Box Scheme
In this section we derive a generalised box scheme from the weak form given in the previous section. We use a bilinear form defined on the edges of each element to approximate the L 2 -inner product in the whole region.
We begin by introducing a subspace of As to the choice of jk in the above theorem, we have the following result for a hexahedral mesh.
Theorem 2. Suppose that the hexahedral mesh is such that in each element the angle between any two edges sharing a common node is

=2 + O(h). Then (3.2) holds if we choose
The proofs of these theorems are omitted here.
Applying where N j = fk : e jk 2 Eg. In (3.7) we have neglected the O(h) terms. This is a linear system for the unknowns fu i g N 1 , which has the same form as that obtained from the conventional box scheme
The rhs of (3.7) can be evaluated either exactly or by some quadrature rule. It is worth mentioning that when for each i, H i reduces to a brick, (3.7) coincides with the linear system obtained from the conventional finite difference box integration method if an appropriate quadrature rule is used for the rhs. This shows that the finite difference box integration (or the 7-point finite difference) method is actually a lumped mixed finite element method.
For the semiconductor continuity equations a(x) varies very rapidly over a small region. Therefore we use the ScharfetterGummel method [7] to approximate the integral in a ?1 jk .
Conclusion
In this paper we discussed a mixed finite element formulation of the continuity equations of the stationary semiconductor model. Using the van Welij hexahedral element and the standard trilinear element we discussed the finite element approximation to the problem. Defining an approximate inner product, we were able to reduce the linear system obtained by the mixed formulation to a linear system which has the same form as that obtained from the conventional box integration scheme. This leads to a restriction on the shape of the hexahedra in the mesh. When the mesh becomes regular, the resulting linear system coincides with that obtained from the finite difference box integration method. This shows that the 7-point finite difference method is in fact a lumped mixed finite element method.
